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)URP D ELRORJLFDO SHUVSHFWLYH LQGLYLGXDO JURZWK
LV GHILQHG DV DQ LQFUHDVH LQ ERG\ VL]H RU ELRPDVV
RYHU WLPH 7KLV ELRPDVV LQFUHDVH UHTXLUHV LQSXWV
RI YDULRXV FKHPLFDO FRQVWLWXHQWV RI SK\VLFDO DQG
VWUXFWXUDO ELRPROHFXOHV 6WHUQHU DQG (OVHU 
)RU LQYHUWHEUDWHV WKH HOHPHQWV RI & 1 DQG 3 DUH
PRVW LPSRUWDQW JHQHUDOO\ LQ WKH IRUP RI
FDUERK\GUDWHV OLSLGV DQG SURWHLQV &KDSPDQ
 6WHUQHU DQG (OVHU  $GGLWLRQDOO\
ZDWHU PXVW EH FRQVXPHG GXULQJ JURZWK DQG IRU
GDLO\ PDLQWHQDQFH RU HOVH GHK\GUDWLRQ DQG ZDWHU
VWUHVV ZLOO UHVXOW DV PHWDEROLF ZDWHU SURGXFWLRQ LV
XVXDOO\ LQVXIILFLHQW WR EDODQFH ORVVHV +DGOH\

'HK\GUDWLRQ DQG ZDWHU VWUHVV DUH OLNHO\ WR GHSUHVV
ELRPROHFXODU JURZWK E\ UHGXFLQJ SK\VLRORJLFDO
SHUIRUPDQFH LQ D QXPEHU RI ZD\V $V D XQLYHUVDO
VROYHQW DQG WUDQVSRUW PHGLXP ZDWHU LV HVVHQWLDO
WR PDLQWDLQLQJ SURSHU ELRFKHPLFDO JUDGLHQWV DQG
SK\VLRORJLFDO KRPHRVWDVLV 0LQQLFK 
:LOOPHU HW DO  $OSHUW  'HK\GUDWLRQ
FDQ FDXVH UHGXFHG HIILFLHQF\ RI WKH HOHFWURQ
WUDQVSRUW FKDLQ DQG ELRFKHPLFDO UHDFWLRQV HJ
WKURXJK K\SHUNDOHPLD 0LQQLFK  DV ZHOO DV
WKH SURGXFWLRQ RI GHVWUXFWLYH UHDFWLYH R[\JHQ
VSHFLHV WKH GHQDWXULQJ RU FOXPSLQJ RI SURWHLQV
WKH GHVWUXFWLRQ RI FHOOXODU PHPEUDQHV DQG GHDWK
&KDSPDQ $OSHUW
,Q RUGHU WR UHGXFH WKH GDPDJH FDXVHG E\
GHK\GUDWLRQ RUJDQLVPV DOORZ WKH GHK\GUDWLRQ RI
FHUWDLQ SRROV RI ERG\ ZDWHU LQ IDYRU RI
PDLQWHQDQFH RI RWKHUV RU DGG LQFUHDVHG HIIRUW WR
WKH UHJXODWLRQ RI HOHFWURO\WHV HJ . D SRWHQWLDOO\
FRVWO\ FRPSHQVDWRU\ PHFKDQLVP 0LQQLFK 
,Q DGGLWLRQ RUJDQLVPV SURGXFH D YDULHW\ RI VXJDUV
HJ WUHKDORVH DQWLR[LGDQWV DQG SURWHLQV HJ
KHDW VKRFN SURWHLQV WKDW KHOS PRGXODWH
PHPEUDQH IOXLGLW\ DQG UHGXFH R[LGDWLRQ :LOOPHU
HW DO  $OSHUW  3URGXFWLRQ RI WKHVH
PROHFXOHV LV DOVR FKHPLFDOO\ DQG HQHUJHWLFDOO\
FRVWO\ DQG PD\ GLYHUW UHVRXUFHV DZD\ IURP JURZWK
$OSHUW  )XUWKHUPRUH DQ\ GDPDJH WKDW LV
FDXVHG GXH WR GHK\GUDWLRQ PXVW EH UHSDLUHG
DGGLQJ DGGLWLRQDO FKHPLFDO DQG HQHUJHWLF FRVWV
SRWHQWLDOO\ UHGXFLQJ JURZWK )LQDOO\ JURZWK PD\
EH UHGXFHG E\ D QHHG WR FRQVHUYH ZDWHU ZKLFK
FDXVHV ORZHU DFWLYLW\ UDWHV DQG WKXV ORZHU
DFTXLVLWLRQ RI RWKHU UHVRXUFHV 6WDPSV 
6WDPSV DQG 7DQDND  /RUHQ]RQ HW DO 
:DWHU VWUHVV PD\ DOVR UHGXFH JURZWK ZKHQ
DQLPDOV VHHN WKHUPDO HQYLURQPHQWV DW D ORZHU
WHPSHUDWXUH WKDQ WKDW PRVW FRQGXFLYH WR
ELRFKHPLFDO SURFHVVHV DV VXJJHVWHG E\ /RUHQ]RQ
HWDO
6WXGLHV RI WKH HIIHFWV RI ZDWHU DYDLODELOLW\ DQG
ZDWHU VWUHVV RQ DQLPDOV DQG SODQWV KDYH
VRPHWLPHV \LHOGHG YDULDEOH UHVXOWV DOWKRXJK
VWURQJ SRVLWLYH HIIHFWV RI ZDWHU RQ JURZWK RI
OL]DUGV KDYH EHHQ ZHOO GRFXPHQWHG 6WDPSV DQG
7DQDND  /RUHQ]RQ HW DO  DORQJ ZLWK
URGHQWV .DP DQG 'HJHQ  WXUWOH HJJV
0F.QLJKW DQG *XW]NH  DQG LQVHFWV )ORDWHU
 6ODQVN\ DQG :KHHOHU  IRXQG D
QHJDWLYH HIIHFW RI LQFUHDVHG IRRG K\GUDWLRQ RQ
JURZWK RI YHOYHWEHDQ FDWHUSLOODUV Anticarsia
gemmatalis +RZHYHU FDWHUSLOODUV ZHUH NHSW DW a
 KXPLGLW\ DQG DOO GLHWV FRQWDLQHG D ODUJH
DPRXQW RI ZDWHU  RU  7KXV LW LV XQOLNHO\
WKDW WKHVH GLIIHUHQFHV LQ IRRG K\GUDWLRQ KDG ODUJH
LPSDFWV RQ WKH K\GUDWLRQ RI WKH FDWHUSLOODUV 7KH\
GR QRWH KRZHYHU WKDW WKHUH ZHUH VLJQLILFDQW
SRVLWLYH GLIIHUHQFHV LQ FDWHUSLOODU K\GUDWLRQ RQO\
DW PHGLDQ QXWULHQW OHYHOV EXW WKH\ GR QRW SURYLGH
PDJQLWXGHV IRU GLIIHUHQFHV :LWKRXW FDXVLQJ
VXIILFLHQW YDULDWLRQ LQ K\GUDWLRQ LW LV OLNHO\ WKDW
6ODQVN\ DQG :KHHOHU  RQO\ ZLWQHVVHG WKH
HIIHFWV RI YDULDWLRQ LQ QXWULHQW DYDLODELOLW\ ZKHQ
ZDWHU ZDV QRW OLPLWLQJ :KHQ QXWULHQWV DUH
OLPLWLQJ D QHJDWLYH UHODWLRQVKLS ZLWK IRRG
K\GUDWLRQ ZRXOG EH H[SHFWHG VLQFH PRUH
K\GUDWHG IRRG KDV D ORZHU QXWULHQW FRQWHQW E\
GLOXWLRQ 6ODQVN\ DQG :KHHOHU  GLG QRW
DWWHPSW WR H[DPLQH WKH LQIOXHQFH RI ZDWHU VWUHVV
RQ JURZWK EXW WKHLU VWXG\ VHUYHV DV D JRRG
H[DPSOH RI VRPH RI WKH IDFWRUV WKDW PD\
FRQWULEXWH WR WKH YDULDELOLW\ LQ UHVSRQVHV REVHUYHG
LQ WKH OLWHUDWXUH 7KLV YDULDELOLW\ PD\ EH
DWWULEXWDEOH WR IRXU IDFWRUV UHODWLQJ WR ZDWHU
EDODQFH YDULDWLRQ LQ WKUHVKROGV IRU ZDWHU
OLPLWDWLRQVWUHVV YDULDWLRQ LQ ZDWHU ORVV UDWHV
YDULDWLRQ LQ WKH GHJUHH RI DOWHUDWLRQ RI ZDWHU
DYDLODELOLW\ DQG YDULDWLRQ LQ WKH ZDWHU OLPLWDWLRQV
RI WKH H[SHULPHQWDO HQYLURQPHQW ,W LV OLNHO\ WKDW
VRPH VWXGLHV PD\ KDYH IDLOHG WR ILQG HIIHFWV RI
ZDWHU OLPLWDWLRQ RU VWUHVV VLPSO\ GXH WR D ODFN RI
VXIILFLHQW UHVWULFWLRQ RI ZDWHU DYDLODELOLW\ RU GXH WR
ZDWHU YDULDWLRQ EHLQJ FRQIRXQGHG E\ RWKHU
IDFWRUVIRUH[DPSOHE\IRRGDYDLODELOLW\
2QO\ D VPDOO QXPEHU RI VWXGLHV KDYH H[DPLQHG
WKH HIIHFWV RI YDULDWLRQ LQ ZDWHU RU ZDWHU VWUHVV RQ
DQLPDOV DQG WKRVH PHQWLRQHG DERYH DUH PRVW RI
WKH VWXGLHV ZLWK JURZWK DV D UHVSRQVH 7KH GHDUWK
RI VWXGLHV PD\ EH GXH WR GLIILFXOWLHV LQ VWXG\LQJ
ZDWHU DYDLODELOLW\ WKH EHOLHI WKDW ZDWHU LV QRW
OLPLWLQJ LQ WKH HQYLURQPHQW RI LQWHUHVW RU WKH
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FDXVLQJ D ODFN RI LQWHUHVW :KDWHYHU WKH UHDVRQ
IHZ VWXGLHV ERWKHU WR H[SOLFLWO\ FRQVLGHU WKH
HIIHFWV RI ZDWHU DYDLODELOLW\ RQ DQLPDOV GHVSLWH LWV
SRWHQWLDOLPSRUWDQFH
+HUH ZH WHVW ZKHWKHU ZDWHU VWUHVV LQIOXHQFHV
JURZWK XQGHU ODERUDWRU\ FRQGLWLRQV E\ DOWHULQJ
WKH K\GUDWLRQ VWDWHV RI MXYHQLOH GRPHVWLF KRXVH
FULFNHWV Acheta domesticus / 2UWKRSWHUD
*U\OOLGDH :H K\SRWKHVL]HG WKDW GU\ PDVV JURZWK
UDWHV ZLOO LQFUHDVH ZLWK LQFUHDVLQJ K\GUDWLRQ VWDWH
7KLV VWXG\ KDV ZLGHUDQJLQJ LPSOLFDWLRQV ERWK
IRU DQLPDO FDUH DQG IRU ILHOG VWXGLHV RI ZDWHU
VWUHVV )RU LQVWDQFH LI ZDWHU OLPLWDWLRQ GHSUHVVHV
LQGLYLGXDO JURZWK UDWHV LW PD\ DOVR OLPLW WKH VL]H
RI SRSXODWLRQV YLD UHGXFWLRQV LQ VXUYLYDO DV VKRZQ
E\ %HQUH\ DQG 'HQQR  DQG IHFXQGLW\ YLD
LQFUHDVHV LQ WLPH WLOO PDWXULW\ /DPSHUW DQG
7UXEHWVNRYD  ZKLFK PD\ KDYH RWKHU
VLJQLILFDQW LPSDFWV IRU H[DPSOH DOWHUHG UHVRXUFHV
IRUSUHGDWRUV
Study Species
'RPHVWLFDWHG A. domesticus DUH JHQHUDOLVW
FRQVXPHUV DQG DUH FRPPRQO\ XVHG LQ ODERUDWRU\
VWXGLHV DQG DV IHHGHU VSHFLHV LQ WKH SHW LQGXVWU\
:DONHU DQG 0DVDNL  &OLIIRUG DQG :RRGULQJ
 /LIH F\FOHV LQ WKLV VSHFLHV DUH UHODWLYHO\
VKRUW HJJV KDWFK DSSUR[LPDWHO\  GD\V DIWHU
OD\LQJ LI NHSW PRLVW ODUYDH WDNH DSSUR[LPDWHO\ 
GD\V WR UHDFK DGXOWKRRG DQG JR WKURXJK ±
LQVWDUV DQG DGXOW OLIHVSDQ LV DSSUR[LPDWHO\ 
GD\V &OLIIRUG DQG :RRGULQJ  ,Q WKLV VWXG\
A. domesticus ZDV XVHG DV D JHQHUDO PRGHO
RUJDQLVP IRU DOO FULFNHWV :LWK UHVSHFW WR ZDWHU
UHODWLRQV WKLV VSHFLHV PD\ EH UHSUHVHQWDWLYH RI
PDQ\ DUWKURSRGV DQG D ZLGH UDQJH RI HFWRWKHUPV
:KLOH LW LV WUXH WKDW HFWRWKHUPV KDYH GLYHUVH
PHFKDQLVPV RI GHDOLQJ ZLWK ZDWHU VWUHVV DQG
WROHUDQFHV RI WKDW VWUHVV 0LQQLFK  +DGOH\
 LW LV OLNHO\ WKDW ZKHQ VXIILFLHQWO\ VWUHVVHG
PDQ\ RUJDQLVPV PD\ H[SHULHQFH VLPLODU




$ SLORW VWXG\ ZDV FRQGXFWHG SULRU WR
H[SHULPHQWDWLRQ WR WHVW ZKHWKHU K\GUDWLRQ VWDWH
FRXOG EH DOWHUHG E\ PDQLSXODWLQJ WKH QXPEHU RI
KRXUV SHU GD\ ZLWK VXUIDFH ZDWHU DYDLODEOH )RU
WKLV H[SHULPHQW MXYHQLOH A. domesticus ZHUH
SXUFKDVHG IURP D ORFDO SHW VWRUH 7KH\ ZHUH
SURYLGHG ZLWK IRRG 7HNODG URGHQW GLHW 
+DUODQ ZZZKDUODQFRP DQG ZDWHU )OXNHU¶V
&ULFNHW 4XHQFKHU 2ULJLQDO )RUPXOD :DWHU &XEHV
ZZZIOXNHUIDUPVFRP ad libitum DQG NHSW XQGHU
FRQVWDQW WHPSHUDWXUH  & FRQVLVWHQW
KXPLGLW\ DFURVV WUHDWPHQWV EXW QRW QHFHVVDULO\
DFURVV WLPH DQG D  /' F\FOH LQ DQ
HQYLURQPHQWDO FKDPEHU &RQYLURQ &03 
ZZZFRQYLURQFRP IRU D WZR GD\ DFFOLPDWLRQ
SHULRG &ULFNHWV ZHUH WKHQ LVRODWHG LQ VPDOO SODVWLF
FRQWDLQHUV ZLWK YHQWLODWLRQ KROHV DQG SURYLGHG
ZLWK HJJ FDUWRQ SLHFHV DV VKHOWHU DQG IRRG ad lib
&ULFNHWV ZHUH UDQGRPO\ VHSDUDWHG LQWR WKUHH
OHYHOV RI ZDWHU DYDLODELOLW\   DQG  KRXUV RI
ZDWHU DYDLODEOH HDFK GD\ Q     DQG 
UHVSHFWLYHO\ &ULFNHWV ZHUH PDLQWDLQHG XQGHU
WKHVH FRQGLWLRQV IRU RQH ZHHN $W WKH HQG RI WKDW
ZHHN GLUHFWO\ EHIRUH ZDWHU UHSODFHPHQW ZRXOG
W\SLFDOO\ RFFXU DW PD[LPXP GHK\GUDWLRQ
FULFNHWV ZHUH ZHLJKHG H    J 0HWWOHU 7ROHGR
3*6 ZZZPHWFRP NLOOHG GULHG DW  &
IRU  KRXUV DQG UHZHLJKHG WR GHWHUPLQH ZHW
PDVV GU\ PDVV DQG K\GUDWLRQ 5HVLGXDOV ZHUH
URXJKO\ QRUPDOO\ GLVWULEXWHG DV GHWHUPLQHG E\
1RUPDO 3UREDELOLW\ 3ORWV XVLQJ 6\VWDW  DQG
KDG HTXDO YDULDQFH %DUWOHWW¶V S !  DQG WKXV
ZHUH DQDO\]HG XVLQJ SDUDPHWULF $129$ 7KH
WUHDWPHQWV VLJQLILFDQWO\ DOWHUHG FULFNHW K\GUDWLRQ
VWDWHVHHUHVXOWV
Cricket growth
)RU WKH JURZWK UDWH H[SHULPHQW  A. domesticus
ZHUH KDWFKHG DQG UHDUHG LQ VKDUHG FDJHV IRU DERXW
 ZHHNV 'XULQJ WKLV SHULRG WKHVH FULFNHWV
UHFHLYHG WKH VDPH FRQGLWLRQV DV GXULQJ WKH
DFFOLPDWLRQ SHULRG RI WKH SLORW H[SHULPHQW
GLVFXVVHG DERYH $W WKH HQG RI WKH ILUVW  ZHHNV 
FULFNHWV IURP WKH UHDUHG VDPSOH ZHUH UDQGRPO\
VHOHFWHG IRU PHDVXUHPHQWV RI LQLWLDO ZHW PDVV GU\
PDVV ERG\ OHQJWK DQG K\GUDWLRQ %HFDXVH
GHWHUPLQDWLRQ RI GU\ PDVV DQG K\GUDWLRQ UHTXLUHV
NLOOLQJ FULFNHWV LW ZDV QRW SRVVLEOH WR PHDVXUH
LQGLYLGXDO FULFNHW GU\ PDVVHV EHIRUH DQG DIWHU
H[SHULPHQWDO WUHDWPHQWV 7KHUHIRUH WKHVH 
FULFNHWV ZHUH DVVXPHG WR EH UHSUHVHQWDWLYH RI WKH
SRSXODWLRQ RI FULFNHWV EHIRUH H[SHULPHQWDO
WUHDWPHQWV ZHUH DSSOLHG 6LQFH DOO FULFNHWV ZHUH
UHDUHG WRJHWKHU IURP HJJV DQG ZHUH
DSSUR[LPDWHO\ WKH VDPH DJH ï  GD\V WKLV
DVVXPSWLRQ LV OLNHO\ UHDVRQDEOH )XUWKHU RQH
ZRXOG H[SHFW WKDW LI WKLV LV D UHDVRQDEOH
DVVXPSWLRQ WKH YDULDWLRQ LQ WKLV LQLWLDO VXEVDPSOH
ZRXOG EH HTXLYDOHQW WR WKH YDULDWLRQ ZLWKLQ HDFK
VDPSOH RI FULFNHWV DW WKH HQG RI H[SHULPHQW
,QGHHG WKH )HOW]0LOOHU WHVW IRU HTXDOLW\ RI
FRHIILFLHQWV RI YDULDWLRQ =DU  VKRZHG QR
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKLV LQLWLDO VDPSOH
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9RO_$UWLFOH Table 10RUWDOLW\DQGDYHUDJHJURZWKUDWHIRUFULFNHWVLQHDFKWUHDWPHQWOHYHO
4 hours 8 hours 24 hours
3HUFHQWDJHRIRULJLQDOVDPSOHQ WKDWGLHG   
0HGLDQGU\PDVVJURZWKUDWHPJG   
0HDQERG\OHQJWKJURZWKUDWHPPG   
DQG ILQDO VDPSOHV IURP WKH WKUHH WUHDWPHQW OHYHOV
S !  IRU HDFK UHVSRQVH YDULDEOH VHH UHVXOWV IRU
GHWDLOV YDULDQFHV ZHUH XQHTXDO DV PLJKW EH
H[SHFWHG LI WUHDWPHQWV DOWHUHG WKH PDJQLWXGH RI
WKHPHDQV
5HPDLQLQJ OLYH FULFNHWV ZHUH WKHQ LQGLYLGXDOO\
LVRODWHG LQ VPDOO SODVWLF FRQWDLQHUV ZLWK
YHQWLODWLRQ KROHV DQG SURYLGHG ZLWK VKHOWHU HJJ
FDUWRQ SLHFHV DQG IRRG ad lib 7KLV SUHYHQWHG
VFDYHQJLQJ DQG DLGHG LQ LGHQWLILFDWLRQ 'XH WR
WLPH FRQVWUDLQWV FULFNHWV LQ WKLV H[SHULPHQW ZHUH
QRW DFFOLPDWHG WR EHLQJ LVRODWHG LQ FDJHV EHIRUH
EHJLQQLQJ WUHDWPHQW DSSOLFDWLRQ &ULFNHWV ZHUH
UDQGRPO\ VHSDUDWHG LQWR WKUHH OHYHOV RI ZDWHU
DYDLODELOLW\   DQG  KRXUV RI ZDWHU DYDLODEOH
HDFK GD\ LQLWLDO Q    :DWHU ZDV DGGHG DW  DP
HYHU\ GD\ DQG UHPRYHG DIWHU   RU  KRXUV WKH
 KRXU WUHDWPHQW KDG LWV ZDWHU UHSODFHG HDFK GD\
DW  DP &ULFNHWV ZHUH UHDUHG IRU  GD\V XQGHU
H[SHULPHQWDO FRQGLWLRQV 1RQH UHDFKHG DGXOWKRRG
GXULQJ WKLV H[SHULPHQW 1HDU WKH EHJLQQLQJ RI WKH
H[SHULPHQW WKHUH ZDV VXEVWDQWLDO PRUWDOLW\ DQG
RQO\  UHPDLQHG DW WKH HQG RI WKH H[SHULPHQW 
KU Q     KU Q     KU Q    7DEOH  7KH
UHPDLQLQJ FULFNHWV ZHUH PHDVXUHG OHQJWK IURP
WLS RI KHDG WR WLS RI DEGRPHQ DQG ZHLJKHG ZHW
PDVV 7KH\ ZHUH WKHQ NLOOHG E\ IUHH]LQJ RYHUQLJKW
DQG GULHG DW  & IRU  KRXUV DOORZLQJ
PHDVXUHPHQW RI GU\ PDVV 'LIIHUHQFHV LQ OHQJWKV
DQG PDVVHV EHWZHHQ WUHDWPHQWV ZHUH DVVXPHG WR
WUDQVODWH LQWR GLIIHUHQFHV LQ JURZWK DV EHIRUH DQG
DIWHU PHDVXUHPHQWV FRXOG QRW EH WDNHQ RQ
LQGLYLGXDOV VLQFH FDOFXODWLRQ RI GU\ PDVV UHTXLUHV
GHVWUXFWLYHVDPSOLQJ
)RU DOO VWDWLVWLFDO WHVWV RI JURZWK WKH LQLWLDO
FULFNHWV ZHUH LQFOXGHG DV D VHSDUDWH VDPSOH DQG
SRVWKRF FRPSDULVRQV H[DPLQHG GLIIHUHQFHV
EHWZHHQ WKHVH JURXSV ³:LWK ,QLWLDO´ LQ 7DEOH 
+RZHYHU UHVXOWV IURP WHVWV ZLWKRXW LQLWLDO
FULFNHWV DUH DOVR LQFOXGHG EHFDXVH WKHVH DUH PRUH
DSSURSULDWH IRU H[DPLQLQJ VROHO\ WKH GLIIHUHQFHV
LQ JURZWK EHWZHHQ WUHDWPHQWV ³:LWKRXW ,QLWLDO´
'U\ PDVV DQG OHQJWK ZHUH PHDVXUHG RQ WKH VDPH
LQGLYLGXDOV DQG ZHUH QRW LQGHSHQGHQW PHDVXUHV
RI JURZWK 6SHDUPDQ FRUUHODWLRQ   
7KHUHIRUH 0$129$ ZDV SHUIRUPHG XVLQJ WKH
VWDWLVWLFDO SURJUDP 5 H[DPLQLQJ WKH LQIOXHQFH RI
WKH K\GUDWLRQ WUHDWPHQW RQ GU\ PDVV DQG OHQJWK
FRPELQHG 5HVLGXDOV RI ERG\ OHQJWK ZHUH QRUPDO
EXW WKRVH RI GU\ PDVV ZHUH QRW QRUPDO QRUPDO
SUREDELOLW\ SORWV XVLQJ 6\VWDW  DQG
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ZHUHVLJQLILFDQW) GI S 
QRUPDOLW\ 1DWXUDO ORJ WUDQVIRUPDWLRQ RI ERG\
OHQJWK LPSURYHG FRQJUXHQFH ZLWK WKH HTXDO
YDULDQFH DVVXPSWLRQ DQG WKXV DOO WHVWV ZHUH
SHUIRUPHG RQ ORJ WUDQVIRUPHG ERG\ OHQJWK
3LOODL¶V WHVW VWDWLVWLF LV UREXVW WR YLRODWLRQV RI
QRUPDOLW\ DQG HTXDO YDULDQFH =DU  WKXV WKLV
WHVW VWDWLVWLF LV UHSRUWHG 3RVWKRF .UXVNDO:DOOLV
RQHZD\ $129$ ZDV SHUIRUPHG IRU GU\ PDVV
GXH WR LWV QRQQRUPDOLW\ DQG XQHTXDO YDULDQFH
%DUWOHWW¶V S   DQG SDUDPHWULF $129$ IRU
ORJ ERG\ OHQJWK )RU FRPSDULVRQV RI GU\ PDVV
EHWZHHQ WUHDWPHQW OHYHOV WKH SRVWKRF 'XQQ WHVW
=DU  ZDV XVHG DQG IRU ERG\ OHQJWK 7XNH\¶V
PHWKRG ZDV XVHG 6LQFH GU\ PDVV DQG ERG\ OHQJWK
DUH QRW LQGHSHQGHQW IRU DOO SRVWKRF
FRPSDULVRQV WKH %RQIHUURQL Ơ OHYHO ZDV FRUUHFWHG




'LIIHUHQFHV LQ WKH QXPEHU RI KRXUV ZLWK IUHH
ZDWHU DYDLODEOH UHVXOWHG LQ VLJQLILFDQW GLIIHUHQFHV
LQ FULFNHW K\GUDWLRQ VWDWH S    )    GI
    )LJXUH  7DEOH  &ULFNHWV ZLWK ZDWHU
DYDLODEOH IRU  KUV ZHUH D PHDQ RI  PRUH
K\GUDWHG WKDQ FULFNHWV ZLWK ZDWHU DYDLODEOH IRU
RQO\  KUV SHU GD\ 7KLV LV DERXW GRXEOH WKH 
DYHUDJH GLIIHUHQFH LQ K\GUDWLRQ VWDWH REVHUYHG IRU
ILHOG FULFNHWV Gryllus alogus DORQJ WKH 6DQ
3HGUR 5LYHU LQ VRXWKHDVWHUQ $UL]RQD 0F&OXQH\
DQG6DERXQSXEOLVKHGGDWD
Cricket Growth
&ULFNHW GU\ PDVV DQG ERG\ OHQJWK FRPELQHG ZHUH
VLJQLILFDQWO\ LQIOXHQFHG E\ ZDWHU DYDLODELOLW\
:LWK ,QLWLDO 3LOODL    )    GI     S
  :LWKRXW ,QLWLDO 3LOODL    )   
GI     S   7DEOH  ZKHUH ³:LWK
,QLWLDO´ UHIHUV WR DQDO\VLV LQFOXGLQJ WKH VDPSOH RI
FULFNHWV FROOHFWHG DW WKH EHJLQQLQJ RI WKH
H[SHULPHQW DQG ³:LWKRXW ,QLWLDO´ LV RQO\ WKH WKUHH
ILQDO FULFNHW VDPSOHV 3RVWKRF WHVWV UHYHDOHG WKDW
FULFNHW GU\ PDVV ZDV VLJQLILFDQWO\ DIIHFWHG E\
ZDWHU DYDLODELOLW\ :LWK ,QLWLDO +    GI  
 S    :LWKRXW ,QLWLDO +    GI    S
   7KHUH ZDV D VLJQLILFDQW 4    N   
  S    GLIIHUHQFH LQ PHGLDQ GU\
PDVV DFURVV WUHDWPHQWV )LJXUH  )XUWKHU
PHGLDQ FULFNHW GU\ PDVV IRU FULFNHWV ZLWK  KUV
RI ZDWHU ZDV  KLJKHU DW WKH HQG RI WKH
H[SHULPHQW WKDQ LQLWLDOO\ 4    N   S 
 ZKLOH FULFNHWV ZLWK ZDWHU DYDLODEOH IRU RQO\
 KUV ZHUH QRW VLJQLILFDQWO\ KLJKHU WKDQ DW WKH
RQVHW 4    N     ! S !  8VLQJ
PHGLDQ GU\ PDVV LQLWLDOO\ DQG DW WKH HQG DQG
GLYLGLQJ E\ WKH QXPEHU RI GD\V LQ WKH VWXG\ 
FULFNHWV ZLWK  KRXUV RI ZDWHU DYDLODEOH KDG GU\
PDVV JURZWK UDWHV RI  PJG  PJG IRU 
KUV DQG  PJG IRU  KUV 7DEOH  3RVWKRF
WHVWV RI FULFNHW ERG\ OHQJWK UHYHDOHG D VLJQLILFDQW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 27KHHIIHFWVRIDOWHUHGH[SHULPHQWDOZDWHUDYDLODELOLW\DQGWKXVK\GUDWLRQRQILQDOGU\PDVV2YHUDOO
GLIIHUHQFHVEHWZHHQVDPSOHVZHUHVLJQLILFDQW+ GI S /HWWHUVGHQRWHSRVWKRFVLJQLILFDQW
GLIIHUHQFHEHWZHHQVDPSOHVXVLQJWKH'XQQPHWKRG
HIIHFW RI ZDWHU DYDLODELOLW\ :LWK ,QLWLDO )  
 GI     S    :LWKRXW ,QLWLDO )  
 GI     S    7DEOH  3RVWKRF
7XNH\¶V FRPSDULVRQV UHYHDOHG VLJQLILFDQW
GLIIHUHQFHV EHWZHHQ DOO JURXSV H[FHSW  DQG 
KRXUV RI DYDLODEOH ZDWHU 7KHUH ZDV D 
Figure 37KHHIIHFWVRIDOWHUHGH[SHULPHQWDOZDWHUDYDLODELOLW\DQGWKXVK\GUDWLRQRQILQDOERG\OHQJWK2YHUDOO
GLIIHUHQFHVEHWZHHQVDPSOHVZHUHVLJQLILFDQW) GI S /HWWHUVGHQRWHSRVWKRF
VLJQLILFDQWGLIIHUHQFHVEHWZHHQVDPSOHVXVLQJ7XNH\¶VPHWKRG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH GLIIHUHQFH LQ PHDQ ERG\ OHQJWK DFURVV WUHDWPHQWV
)LJXUH  S    0HDQ FULFNHW OHQJWK IRU
FULFNHWV ZLWK  KUV RI ZDWHU ZDV  KLJKHU DW
WKH HQG RI WKH H[SHULPHQW WKDQ LQLWLDOO\ S  
 ZKLOH FULFNHWV ZLWK ZDWHU DYDLODEOH IRU RQO\
 KUV ZHUH RQO\  KLJKHU WKDQ DW WKH RQVHW S 
 7KLV WUDQVODWHV LQWR PHDQ ERG\ OHQJWK
JURZWK UDWHV RI  PPG IRU FULFNHWV ZLWK  KUV
RI ZDWHU DYDLODEOH  PPG IRU  KUV DQG 
PPGIRUKUV7DEOH
7KH LQLWLDO VXEVDPSOH RI  FULFNHWV SULRU WR WKH
DSSOLFDWLRQ RI H[SHULPHQWDO WUHDWPHQWV GLG QRW
KDYH D FRHIILFLHQW RI YDULDWLRQ WKDW VLJQLILFDQWO\
GLIIHUHG IURP HDFK WUHDWPHQW VDPSOH DW WKH HQG RI
WKH H[SHULPHQW QRU GLG WKH FRHIILFLHQWV RI
YDULDWLRQ EHWZHHQ WUHDWPHQW VDPSOHV GLIIHU 7KHUH
ZDV QR VLJQLILFDQW GLIIHUHQFH LQ FRHIILFLHQWV RI
YDULDWLRQ IRU ZHW PDVV  ! S !  GU\ PDVV
 ! S !  ERG\ OHQJWK  ! S !  RU
K\GUDWLRQ!S!
Discussion
5HVXOWV IURP WKLV VWXG\ SURYLGH VWURQJ HYLGHQFH
WKDW ZDWHU DYDLODELOLW\ DQG LWV HIIHFWV RQ K\GUDWLRQ
VWDWH FDQ JUHDWO\ DOWHU LQGLYLGXDO JURZWK UDWHV
%RWK GU\ PDVV DQG ERG\ OHQJWK ZHUH DIIHFWHG
)XUWKHU GLIIHUHQFHV LQ JURZWK UDWHV LQ WKLV VWXG\
DWWULEXWDEOH WR YDULDWLRQ LQ ZDWHU DYDLODELOLW\ ZHUH
VHHPLQJO\ KLJKHU WKDQ WKDW IURP YDULDWLRQ LQ WKH
TXDOLW\ RI WKH GLHW .DXIPDQ HW DO  DOWKRXJK
FRPSDULVRQV DUH GLIILFXOW JLYHQ WKDW GU\ PDVV
JURZWK ZDV QRW UHSRUWHG QR RWKHU VWXGLHV
DSSURSULDWH IRU FRPSDULVRQ ZHUH IRXQG
$OWKRXJK OLPLWHG FRPSDULVRQV FRXOG EH PDGH
FRPSDULVRQV ZLWK .DXIPDQ HW DO  GR
XQGHUOLH WKH LPSRUWDQFH RI ZDWHU IRU PDLQWDLQLQJ
DSK\VLRORJLFDOVWDWHFRQGXFLYHWRJURZWK
:KLOH ODFN RI UHSOLFDWLRQ SUHYHQWV D VWDWLVWLFDO WHVW
WKH VHHPLQJO\ ODUJH GLIIHUHQFHV LQ VXUYLYDO
EHWZHHQ K\GUDWLRQ VWDWH WUHDWPHQWV LV ZRUWK
QRWLQJ 7DEOH  DQG IXUWKHU HPSKDVL]HV WKH
SRWHQWLDO LPSRUWDQFH RI ZDWHU DV D OLPLWLQJ
UHVRXUFH IRU FULFNHWV +RZHYHU KLJK GHDWK UDWHV
 RI FULFNHWV LQ WKH  KU KLJK K\GUDWLRQ
WUHDWPHQW PD\ LQGLFDWH WKDW RWKHU QRQZDWHU
UHODWHG VWUHVVRUV PD\ KDYH EHHQ LPSRUWDQW LQ RXU
H[SHULPHQW ,Q IDFW WKH FULFNHWV ZHUH QRW
DFFOLPDWHG WR FDJHV EHIRUH EHJLQQLQJ WKH
H[SHULPHQW DQG D ODUJH DPRXQW RI FULFNHW GHDWK
LQ DOO FDJHV RFFXUUHG LQ WKH ILUVW  KRXUV RI WKH
H[SHULPHQW )XUWKHU \RXQJ KRXVH FULFNHWV DUH
NQRZQ WR KDYH ORZ VXUYLYDO %DWH  ,W PD\
KDYH EHHQ SRVVLEOH WR UHGXFH PRUWDOLW\ E\
LQFUHDVLQJ WKH UHODWLYH KXPLGLW\ 8QIRUWXQDWHO\
PDLQWDLQLQJ D KLJK FRQVWDQW UHODWLYH KXPLGLW\ LQ
$UL]RQD LV GLIILFXOW HVSHFLDOO\ XVLQJ RXU
HQYLURQPHQWDO FKDPEHU ZKLFK ZDV QRW HTXLSSHG
WR GR WKLV 7KHUHIRUH LQFUHDVLQJ DQG PDLQWDLQLQJ
FRQVWDQW UHODWLYH KXPLGLW\ ZDV EH\RQG WKH
HTXLSPHQW DYDLODEOH IRU WKLV VWXG\ ,QFUHDVLQJ WKH
KXPLGLW\ ZRXOG DOVR KDYH UHGXFHG WKH DELOLW\ WR
DOWHUK\GUDWLRQVWDWHVRIFULFNHWV
,I WKH REVHUYHG SDWWHUQV RI GHDWK UDWHV DUH UREXVW
LW SURYLGHV VRPH VXSSRUWLQJ HYLGHQFH IRU WKH VORZ
JURZWKKLJK PRUWDOLW\ K\SRWKHVLV &ODQF\ DQG
3ULFH  %HQUH\ DQG 'HQQR  7KLV
K\SRWKHVLV VWDWHV WKDW VORZJURZLQJ DUWKURSRGV
RIWHQ H[SHULHQFH KLJKHU GHDWK UDWHV +RZHYHU WKH
PHFKDQLVP PRVW RIWHQ SURSRVHG LV WKDW VORZHU
JURZWK LQFUHDVHV WKH WLPH DQ DUWKURSRG LV
YXOQHUDEOH WR EH SDUDVLWL]HG RU SUH\HG XSRQ ,I
GHFUHDVHG K\GUDWLRQ ZHUH D GLUHFW VRXUFH RI
LQFUHDVHG PRUWDOLW\ LQ RXU VWXG\ WKHQ WKLV ZRXOG
EH DQ DOWHUQDWLYH PHFKDQLVP ZKHUH VORZ JURZWK
DQG KLJK PRUWDOLW\ DUH FRUUHODWHG WKURXJK
SK\VLRORJLFDOZDWHUVWUHVV
,W ZDV QRWHG WKDW VRPH DGXOW IHPDOH FULFNHWV LQ WKH
 KU KLJK K\GUDWLRQ WUHDWPHQW KDG PXFK ORQJHU
RYLSRVLWRUV 5 'DWH SHUVRQDO REVHUYDWLRQ 6LQFH
ZH ZHUH XQDEOH WR GHWHUPLQH WKH VH[ RI WKH \RXQJ
FULFNHWV XVHG LQ WKLV VWXG\ DW WKH RQVHW RI WKH
H[SHULPHQW WKHUH ZHUH YHU\ VPDOO ILQDO VDPSOH
VL]HV RI IHPDOHV DW WKH HQG 7KHUHIRUH UHVXOWV RI
VWDWLVWLFDO WHVWV DUH QRW UHSRUWHG KHUH )XWXUH
LQYHVWLJDWLRQ RI WKH HIIHFWV RI K\GUDWLRQ RQ
RYLSRVLWRU OHQJWK LV ZDUUDQWHG 2YLSRVLWRU OHQJWK
FRXOG EH DQ LPSRUWDQW YDULDEOH HVSHFLDOO\ LQ DULG
HQYLURQPHQWV VLQFH OD\LQJ HJJV DW D ORZHU
PRLVWHU VRLO GHSWK PD\ LQFUHDVH UHSURGXFWLRQ
VXFFHVV
8QGHU ILHOG FRQGLWLRQV D YDULHW\ RI RWKHU IDFWRUV
VXFK DV IDYRUDEOH PLFURFOLPDWHV DQG PRLVW IRRG
PD\ UHGXFH WKH LQIOXHQFH RI VXUIDFH ZDWHU
DYDLODELOLW\ RQ JURZWK DQG VXUYLYDO +RZHYHU
0F&OXQH\ DQG 6DER XQSXEOLVKHG GDWD IRXQG
ODUJH GLIIHUHQFHV LQ K\GUDWLRQ VWDWHV RI FULFNHWV DW
GLIIHUHQW GLVWDQFHV IURP VXUIDFH ZDWHU DORQJ WKH
6DQ 3HGUR 5LYHU LQ VRXWKHDVWHUQ $UL]RQD
VXJJHVWLQJ WKH DSSOLFDELOLW\ RI WKH ODERUDWRU\
UHVXOWVWRILHOGFRQGLWLRQV
7KHUH LV RQH SDUWLFXODUO\ LPSRUWDQW FDYHDW WKDW
PXVW EH FRQVLGHUHG IRU WKLV VWXG\ 7KH QHFHVVLW\
RI NLOOLQJ FULFNHWV IRU PHDVXUHPHQW RI GU\ PDVV
SUHYHQWHG EHIRUHDIWHU PHDVXUHPHQWV RQ
LQGLYLGXDO FULFNHWV ,QVWHDG D VXEVDPSOH WDNHQ DW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKH EHJLQQLQJ RI WKH VWXG\ ZDV FRPSDUHG WR WKH
VDPSOHV DW WKH HQG RI WKH H[SHULPHQW 'HVSLWH WKH
VLPLODULW\ LQ UHDULQJ FRQGLWLRQV DQG FRHIILFLHQWV RI
YDULDWLRQ EHWZHHQ WKHVH VDPSOHV LW LV VWLOO SRVVLEOH
WKDW WKHUH ZDV VRPH ELDV LQ WKH JURZWK RI
LQGLYLGXDOV WKDW GLHG YHUVXV WKRVH WKDW VXUYLYHG ,I
LQGLYLGXDOV WKDW JUHZ IDVWHU ZHUH PRUH OLNHO\ WR
GLH LQ WUHDWPHQWV ZLWK ORZHU ZDWHU DYDLODELOLW\ LW
PLJKW DSSHDU DV LI WKHVH WUHDWPHQWV KDG ORZHU
JURZWK UDWHV +RZHYHU LI WKLV ZHUH WUXH LW ZRXOG
VWLOO UHVXOW LQ ORZHU SRSXODWLRQ DYHUDJH JURZWK
UDWHV ZLWK ORZHU ZDWHU DYDLODELOLW\ VLQFH WKRVH WKDW
JUHZ IDVWHU ZRXOG EH PRUH OLNHO\ WR GLH OHDYLQJ
RQO\ WKRVH WKDW JUHZ PRUH VORZO\ XQGHU GULHU
FRQGLWLRQV
&ULFNHWV DUH LQYHUWHEUDWH HFWRWKHUPV DQG WKXV
WKHVH UHVXOWV DUH RQO\ GLUHFWO\ DSSOLFDEOH WR VLPLODU
RUJDQLVPV +RZHYHU WKH JHQHUDOLW\ RI WKH HIIHFWV
RI ZDWHU VWUHVV RQ JURZWK LV LOOXVWUDWHG E\ WKH
UDQJH RI DQLPDOV LQ ZKLFK ZDWHU VWUHVV KDV EHHQ
VKRZQ WR QHJDWLYHO\ LPSDFW JURZWK HJ VQDSSLQJ
WXUWOHV Chelydra serpentina 0F.QLJKW DQG
*XW]NH  IDW VDQG UDW Psammomys obesus
.DPDQG'HJHQ
9DULDWLRQ LQ JURZWK UDWHV RI DQLPDOV FDQ KDYH IDU
UHDFKLQJ HFRORJLFDO FRQVHTXHQFHV )RU H[DPSOH D
IDVWHU JURZWK UDWH PD\ UHVXOW LQ HDUOLHU PDWXULW\
DQG UHSURGXFWLRQ DQG WKXV IDVWHU SRSXODWLRQ
JURZWK /DPSHUW DQG 7UXEHWVNRYD  3ROLV
 VXJJHVWV WKDW ZDWHU OLPLWDWLRQ PD\
GHFUHDVH WHUUHVWULDO DQLPDO SRSXODWLRQ JURZWK
DQG WKDW WKLV PD\ LQ SDUW H[SODLQ YDULDWLRQ LQ WKH
SUHYDOHQFH RI WURSKLF FDVFDGHV EHWZHHQ DTXDWLF
DQG WHUUHVWULDO V\VWHPV )XUWKHU YDULDWLRQ LQ
JURZWK UDWHV PD\ DOWHU WKH GLVWULEXWLRQ RI ERG\
VL]H ZKLFK LWVHOI PD\ DOWHU LQWHUDFWLRQV ZLWK
FRPSHWLWRUV SUHGDWRUV DQG SUH\ :HUQHU 
)LQDOO\ YDULDWLRQ LQ JURZWK UDWH JHQHUDOO\
LQIOXHQFHV UDWHV RI FRQVXPSWLRQ DQG SRWHQWLDOO\
H[FUHWLRQ DQG PD\ WKXV DOWHU SRSXODWLRQV RI SUH\
VSHFLHV DV ZHOO DV UDWHV RI GHFRPSRVLWLRQ DQG
QXWULHQW F\FOLQJ )RU H[DPSOH PRUH K\GUDWHG
FULFNHWV PD\ FRQVXPH PRUH GU\ IRRG DV HFRORJLFDO
VWRLFKLRPHWU\ PLJKW SUHGLFW 6WHUQHU DQG (OVHU

7KHUH DUH VHYHUDO HQYLURQPHQWV DQG FRQGLWLRQV
ZKHUH DQLPDOV DUH OLNHO\ WR HQFRXQWHU ZDWHU
VWUHVV 2UJDQLVPV OLYLQJ LQ GU\ HQYLURQPHQWV
FXUUHQWO\  RI WKH HDUWK
V ODQG PDVV 6FKOHVLQJHU
HW DO  PD\ RIWHQ H[SHULHQFH SHULRGV RI
ZDWHU VWUHVV GHVSLWH DGDSWDWLRQV WR UHGXFH WKLV
VWUHVV GXH WR WKH H[WUHPH VHYHULW\ RI WKH
HQYLURQPHQW +RZHYHU VLQFH ZDWHU VWUHVV LV
VLPSO\ D GHVLFFDWLQJ LPEDODQFH EHWZHHQ ZDWHU
LQSXWV DQG ORVVHV PDQ\ UHODWLYHO\ ZHW
HQYLURQPHQWV PD\ EHFRPH H[WUHPHO\ FKDOOHQJLQJ
GXULQJ GURXJKWV HVSHFLDOO\ EHFDXVH PDQ\ RI WKH
ORFDOO\ DEXQGDQW RUJDQLVPV PD\ KDYH IHZ
DGDSWDWLRQV IRU PDLQWDLQLQJ ZDWHU EDODQFH LQ WKH
IDFH RI VXFK FKDOOHQJHV $ VLPLODU VLWXDWLRQ PLJKW
EH IRXQG DORQJ ERGLHV RI ZDWHU WKDW GU\
VHDVRQDOO\ RU DUH GU\LQJ ZLWK LQFUHDVLQJ
IUHTXHQF\ GXH WR FOLPDWH FKDQJH RU KXPDQ
FRQVXPSWLRQ RU DOWHUDWLRQ VXFK DV E\ FRQVWUXFWLQJ
GDPV ,Q IDFW +X[PDQ HW DO  VKRZ WKDW IRU
SODQWV DOO WHUUHVWULDO DUHDV PD\ EH ZDWHU OLPLWLQJ
DW VRPH WLPH IRU H[DPSOH GXULQJ GURXJKWV 7KLV
PD\ DOVR EH WUXH IRU DQLPDOV DOWKRXJK SHUKDSV
OHVV VR GXH WR WKHLU HQKDQFHG PRELOLW\ DOORZLQJ
IRU JUHDWHU ZDWHU IRUDJLQJ 7KH YDULHW\ RI QHJDWLYH
LPSDFWV RI ZDWHU OLPLWDWLRQ DQG VWUHVV LQGLFDWH
WKDW WKLV UHVRXUFH PD\ EH RI SULPDU\ LPSRUWDQFH
WR WHUUHVWULDO DQLPDOV DQG WKXV PD\ RIWHQ EH WKH
PRVWOLPLWLQJ
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